According to historical records the NIH/Ola strain was developed from outbred 'Swiss' mice imported into the USA by Dr C. Lynch in 1926. A comparison of biochemical markers in strain NIH/Ola and other strains such as SJL and SWR derived from the same foundation stock supports the historical records. Data on litter size, length of gestation, bodyweight to 70 days of age, and reproductive performance when housed in polygamous groups of up to 10 females per male were compared with similar data on inbred CBA/CaOla and CS7BL/IOScSnOla mice. NIH/Ola inbred mice had an exceptional reproductive performance, producing about 1·8 young weaned/ female/week when housed as monogamous pairs over a period of 20 weeks, compared with less than 1·0 young/female/week with the other 2 strains. NIH/Ola mice were also extremely tolerant to mating in polygamous groups of up to about 8 females per male. Mating ratios of over 2-3 females per male resulted in a marked decline in the total number of litters produced per female in C57BL/I0ScSnOla and CBA/CaOla, but this reduction was not nearly so marked in NIH/Ola. It is concluded that the NlH/Ola inbred strain may be particularly useful in studies such as teratology where a high reproductive performance needs to be combined with the advantages of a fully inbred strain.
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Inbred strains have a number of properties which make them much more valuable in some areas of biomedical research than genetically undefined outbred stocks (Festing, 1979) . Unfortunately such strains also tend to have a relatively poor reproductive performance (Falconer, 1982) . This, combined with sharp fluctuations in demand for anyone strain tends to make them substantially more expensive to produce than outbred stocks, and in some cases limits their use in studies such as teratology which depend on an adequate breeding performance.
There is surprisingly little published information Received II March 1985 . Accepted 1 June 1985 on the breeding performance of inbred mouse strains, and the response to different breeding conditions. Fernandes, Yunis, Smith & Good (1973), Nagasawa, Miyamto & Fujimoto (1973) and Verley, Grahn, Leslie & Hamilton (1967) gave details of litter size, reproductive life-span, percent fertile matings, and percent preweaning mortality in 6-8 inbred strains, and Hansen & McEleney (1971) gave details of breeding performance of 14 mouse strains held under semi-commercial production conditions. Les (1980) gives a much more comprehensive account of the reproductive performance of 33 inbred strains maintained in the animal resources colonies at the Jackson Laboratory. According to his data, the most productive strains (depending exactly on the index of productivity used) are C3He/FeJ, C57BL/KsJ, and CBA/Ca, with C57BL/6 being also reasonably productive. The most productive strain had an output of 0·79 young/female/week averaged over a 30-week production period, taking account of non-productive females. All females were bred as monogamous pairs. Festing & Ford (1981) recorded the litter size in 3 inbred strains maintained on 5 different diets, and showed that strains may respond differently to different diets. Thus, the diet which was best for one strain was worst for another. Presumably, strain and environmental interactions of this sort may well be of importance for other environmental variables such as mating ratio.
Little information is available on the reproductive performance of inbred strains bred as polygamous groups (i.e. with males and females permanently in the same cage). Porter & Festing (1970a) studied the effects of irradiated and autoclaved diet on 2 inbred strains mated as pairs and trios, and showed that the 2 strains behaved differently in their response to the mating ratio, though the effect was not very striking.
Similarly Porter & Festing (1970b) compared pairs and trios of 2 strains when mated in 4 different types of plastic cage, and again showed that the strains differed in their response to both environmental influences. Heine (1965) studied the productivity of the NMRI outbred stock when mated in ratios of 1 male to 1 female, up to 1 male/4 females. His monogamous pairs produced nearly 2·0 young! female/week, but this was reduced to 1 young! female/week with the widest ratio. The aim of this paper is to describe strain NIH/ala, an inbred strain with a high reproductive performance, which is capable of breeding with a high ratio of females to males. So far there is relatively little published information on this strain, though Stirling, Tullo, Blyth & Hill (1983) have shown that it is homozygous for the rd gene, causing retinal degene.ration.
Materials and methods
The NIH/ala mice originated as an outbred 'Swiss' type of stock from the National Institute of Health, Bethesda, USA. Details of the origin of this colony, and some of the other inbred strains derived from it such as SWRE/J, SJUJ, HSFS/N, HSFR/N and NFS/N are given by Rice & O'Brien (1980) . A breeding nucleus was sent to Dr F. Sheffield at the National Institute of Standards and Biological Control, Hampstead in 1968. Mice were sent to Burroughs Welcome, Beckenham in 1970, where they were maintained as an outbred stock. Animals were supplied to OLAC in 1975, where brother x sister mating was established.
In August 1984, the strain was at F25. The foundation stock colony has been maintained in an isolator since 1980. In the productivity trials, data was also collected on strains CBAlCaOla (CBA) and C57BU100la (BlO). Details of the origins of these strains are given by Staats (1980) and Festing (1979) .
In 1981 samples of mice were typed at 26 biochemical loci, using standard techniques (Nash, 1984) . H-2 typing has been carried out using polyvalent immune serum (Festing & Totman, 1980) and oligospecific antisera to various H-2 determinants.
Samples of mice have been monitored at least every 6 months for genetic authenticity using biochemical, immunological (Festing & Totman, 1980) and morphological (Festing, 1972) methods. Histocompatibility was checked using the tail-skin grafting technique of Bailey & Usama (1960) .
The productivity trials were carried out in fully barriered buildings of 65 01 2 , capable of producing and maintaining animals to category 4 status as defined by the LAC Accreditation Scheme (Townsend, 1969). These buildings had 12-15 changes of preheated air/h, filtered to 0·3 !Am, and passed via trunking and diffusors into the rooms where a positive air pressure was maintained. A cycle of 12 h of artificial light to 12 h darkness was maintained. Relative humidity was maintained at 50-60% and room temperature to 19-22°C. The mice were housed in polypropylene cages with stainless steel mesh lids (North Kent Plastics
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Ltd). Paris and trios (1 male and 2 females) were housed in type M2 cages (33 x 15 x 13 Col), with wider ratios up to 1 male to 10 females in type MBI (45 x 28 x 13 Col) cages. Ratios wider than 1:6 were not used with strains CBA or B10 as previous experience suggested that above such ratios the cage productivity was virtually zero. Cages were cleaned and washed once per week, with soft. wood shavings being used as bedding material. CRM diet (Labsure, Pool, Dorset, UK) was fed ad libitum. Diet and bedding were sterilized by irradiation at 2·5 Mrad. Water was supplied in 250-011 plastic bottles with melamine spouts which were washed once per week.
In the productivity trial mice were mated at 7 weeks of age, and breeding performance was recorded for a period of 20 weeks after mating. No attempt was made to replace unproductive females. A total of 10 cages of pairs and trios and 6 cages of each of the wider ratios were mated per strain, giving a total of 138 mice of strains CBA and BlO and 342 of strain NIH/ala.
The distribution of litter size was recorded from 4547 litters of .NIH/Ola, 6582 litters of CBA and 5213 litters of BlO mice, data being collected from the production colonies housed under identical conditions to that of the productivity trials, with a trio mating system. Mean litter size in these samples was 5·95 ± 2-84, 6·65 ± 2-48 and 8·63 ± 3·27 pups born per litter in BlO, CBA and NIH/Ola, respecti ve Iy .
The length of the gestation period was estimated in 30 mice by mating them at ]6·00 h and separating them at 08·00 h the following morning. 14 days later visibly pregnant animals were housed individually, and during the last days of gestation they were checked throughout the working day from 08·00 to 16·00 and the time of parturition recorded. An estim'ate of the time of birth was made for those mice that littered outside normal working hours. Time of gestation was estimated from 24·00 h on the day of mating.
Growth curves were calculated from weighings of 25 male and 25 female mice housed in MB I type cages with stainless steel tops, with wood shavings as bedding material. Environmental conditions were as described for the breeding colony. Mice were weighed individually at 21 days of age, and then every 7 days until they were 70 days old.
Statistical analysis of the productivity data was carried out after pooling of some data in order to simplify the analysis. Thus, the cage records within each strain were allocated strictly at random to I of 2 groups within strain by mating ratio groups, and a factorial analysis of variance was carried out on the means of 2 lots of 5 cages (pairs and trios) or 3 cages (higher ratios). Only mating ratios of up to 1:6 were included in the analysis. It is unlikely that these manipulations have caused any major bias in the analysis.
Results

Biochemical markers
The alleles present in NIH/ala at 26 loci are listed in Table 1 ; 14 of these loci were also studied by Rice & O'Brien (1980) in the outbred parental N:NIH colony. 9 of these loci were monomorphic in N:NIH, and identical alleles were found to be present in NIH/ala. According to Rice & O'Brien, Table 1 . Single locus markers present in NIH/Ola (Nash, 1984) .
Loclls Allele Locus Allele
Aco-] a Hk-l a
Got-2, Gr-], Hbb, Mod-l and Pgm-l were segregating in the outbred N:NIH stock. These were monomorphic in NIH/ala. The only surprise was that according to Rice & O'Brien the frequency of the Got-2b allele in N:NlH was 0·97, yet the rare a allele was fixed in NIH/ala.
However, as the a allele was also fixed in NFS, NFR, HSFS and HSFR, 4 inbred strains derived from N:NIH between about 1963 and 1972 (i.e. at approximately the same time as the outbred parents of NIH/ala were separated from N:NIH), it is possible that the frequency of the a allele was different at that time. The biochemical data are entirely consistent with NIH/Ola being derived from N:NIH without any genetic contamination during the subsequent history of the strain.
H-2 type
Lymphocytes from NIH/ala mice were then tested against a panel of oligospecific antisera. The following H-2 specificities were found in NIH/ala: 2,5, 6, 27,28,29,31,33,34,35,36,54,56. These data are consistent with the mice having an H-2q haplotype (Klein, 1975) . This was confirmed using 'an F1-test'.
Peters & Festing
This involved grafting skin from BlO.G (H-2q) mice onto C57BUlOScSnOla
x NIH/OlaFI hybrid mice.
2 grafts were accepted for 77 days, at which time the experiment was terminated.
This confirms the H-q haplotype.
Litter size
Mean litter size in the production colony was 8·63 ± 3·27 pups in NIH/ala compared with 6·65 ± 2·48 pups in CBA and 5·95 ± 2·84 pups in B1O. The modal number of pups per litter was 6 in CBA and B1O, and 9 in NIH/ala. Thus, on average the litter size was 2-2·5 pups better than either of these other inbred strains. The distribution of litter sizes is shown in Fig. 1 .
Breeding performance with various ratios of males and females
The results of the factorial analysis of variance are summarized in Table 2 , and means for each character are given in Table 3 . The total young weaned per cage per week for each of 3 strains, with mating ratios of up to 1:6 (CBA and BlO) and 1:10 (NIH/ala) is shown graphically in Fig. 2 . The statistical analysis showed large strain and mating ratio effects with significant linear and quadratic components.
Strains behaved differently in their response to the mating ratio, with a significant difference in linear trend between strains ( Table 2) . The total productivity per cage continued to rise in NIH up to a mating ratio of 1:8, with a total productivity of over 6 young per cage per week. In contrast, in strain BlO productivity peaked at about 2·5 young per week with 3 females/cage, and declined at greater ratios, whereas in the case of CBA the total cage productivity was virtually the same (approx 1 pup/cage/week) whether there were 2 or up to 6 females per cage.
The average litter size at birth (Fig. 3) differed between strains and mating ratios, with a rather striking initial increase with wider ratios, followed by a fall. The statistically highly significant cubic effect (Table 2) suggests that this is a real effect, and not just due to sampling error. The number of litters per female (Fig. 4) differed between strains and ratios with a highly significant linear downward trend. The slope of this differed significantly between strains, being less steep in NIH (Table 2) . Thus, in CBA and B10 the number of litters declined linearly to just over 1 litter per female with ratios of 1:6. In contrast, in NIH/ala, the decline in number of litters as the number of females was increased was much less marked so that even with 1: 10, each female was producing about 3 litters each. Preweaning mortality was highly variable (Fig.  5) . The statistical analysis (confined to mating ratios of up to 1:6) failed to reveal any significant effect of 'P < 0·05 "P < 0·01 Table 3 . Means of each character analysed by mating ratio and strain. Pooled standard deviations may be obtained from the residual mean square given in Table 2 Character Mating ratio NIH eRA RIO 1  11·7  24·3  14·3  weaning  2  20·3  19·0  10·4  mortality  3  20·2  28·4  14·8  4  19·8  24·1  27·4  5  23·5  25·8  21·3  6  25·4  30·8  6·1 mating ratio, though strains differed at the 5% probability level with the over-all mortality ranging from 15·7% in BlO to 20·2% in NIH and 25·4% in CBA.
Litter size
In conclusion, the NIH strain seems to be able to breed successfully with extremely wide mating ratios. In particular, in contrast with most other strains, females seem to be able to continue to produce litters even when there are as many as 10 females caged with a single male.
Gestation period
The length of the gestation period was bimodal, with 9 mice clustered about a mode of 446 h, and the remaining 21 mice about a mode 17 h later at 463 h, with no mice having a gestation period between 450 and 458 h. This could represent a true bimodality of gestation period, allowing young to be born during the dark period, but may also be a reflection of the difficulty of obtaining a good estimate of the gestation period.
Growth rate
Bodyweight from the age of 3-10 weeks of age for each of the sexes is shown in Figs. 6 and 7 . The 3 strains differ substantially in their growth rates, with NIH mice being substantially larger than either CBA or BI0 from 21 to 70 days of age.
Discussion
The main aim of this paper is to describe some of the characteristics of the NIH/ala inbred strain so that research workers have the opportunity to make use of some of its most valuable features. Historical data and a study of biochemical markers in the strain support the conclusion that it is directly derived from the original 'Swiss' mice imported to the USA by Lynch in 1926 (Lynch, 1969 Rice & O'Brien, 1980) . These were subsequently maintained as an outbred stock at the National Institute of Health, Bethesda. Outbred mice were eventually obtained by alae Ltd, in 1975, and brother x sister mating was subsequently established to produce the inbred NIH/ala.
The most remarkable feature of these mice is their outstanding reproductive performance, particularly when housed in groups of up to 10 females with a single male. In the main production colonies (mated as trios) the litter size was 30% (8·83 vs 6·65 pups) greater than was found in CBA mice, which is usually regarded as a highly productive strain. However, the most unusual reproductive feature of
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•. / I .. these mice is their remarkable ability to produce young, even when housed in very large groups. In both CBA and BI0 the greatest output per cage was obtained with 3 females mated to a single male, with total productivity per cage declining at higher ratios. This may largely be attributed to a marked decline in the number of litters per female as well as a decline in mean litter size at birth, and a possible (but variable) increase in preweaning mortality. In contrast, in strain NIH the number of young weaned per cage continued to increase almost linearly up to 8 females per male, and only declined marginally when there were as many as 10 females per male. This was largely because in strain NIH/Ola the number of litters produced per female did not decline nearly so drastically as in the other 2 strains, though there was a decline in litter size from about 8·5 or 9-0 to about 7 pups per litter at the wider ratios. The main reason that productivity declined at the very widest ratios of 9 or 10 females per male was a marked increase in preweaning mortality, which only became a serious problem at these very high ratios.
Growth curves of NIH/ala, CBA and BlO show that in addition to their high reproductive performance, NIH/ala mice are relatively large. At weaning the females are more than twice the weight of CBA mice and more than 70% larger than BlO mice. These differences are only slightly less marked in the males, and in both sexes the NIH/ala mice remain heavier than mice of either of the other strains at least up to 70 days of age.
The high reproductive vigour of NIH/Ola mice suggests that these mice are likely to be useful in disciplines such as experimental teratology and other reproductive studies where the useful properties of inbred strains need to be combined with a good reproductive performance.
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